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in the Hohen Tauern that were still exploited in the
Middle Ages. But at the middle of the sixteenth century
all the workings were covered by a glacier. In 1570 the
sheet of ice had a depth of 25 meters, which increased to
100 meters during the eighteenth century and then
decreased. About 1880 the depth was only 40 meters
and later during periods of retreat it has come to pass
that the débris of wrecked buildings have reappeared
after having been interred in the ice almost 400 years.

According to the record of the church at Grindelwald
there was an almost uninterrupted series from 1539 to
1563, of winters with very littlesnow and often very warm
summers. From 1565 to 1580, on the other hand, there
was a period of very snowy winters. Thus in the middle
of the century or about 1540 there commenced a period
of extreme regression, during which the lower glacier of
the Grindelwald did not pass the upper rocks (die obern
Flithe), while from 1565 on the névés have been increasing.
In 1580 the glacier began to pass beyond the rocks and
to descend into the gorge: in 1584 the chapel of Sainte-
Pétrouelle was overturned,* and in 1588 a barn was
destroyed: in 1593 the glacier reached to the village,
invaded two chalets and a large number of barus, and
shifted the bed of the Black Liitschine and of the Bergel-
bach. A road between Oberwallis and Grindelwald was
buried beneath the ice. During the great retreat of
the glaciers from 1860-1S80 portions of this road were
seen to reappear.®

According to Heim it is not possible to say whether we
are approaching a new glacial period or whether we have
to do with a long secular variation in the glacier movenrents.

THE REMAINS OF ANCIENT FORESTS IN SWEDEN.

Some botanists have maintained that Sweden’s climate
has grown coldor heeause to-day forests ocenr only on the
Scandinavian Alps while one finds the ovident remnins
of forests that have been destroyed. In fact the re-
searchos in Swalish Lapland along the easten <lopes of
the Scandinaviai Aips and particaiarly those by Gave-
lin,*® have proved that rather vocent remains of dead
trees are to be found almost evorywhere above the upper
limit of the conifers. [t is partiodarly the pines (Pinus
sylvestrig) that have perished: the remains of the spruce
(Pinus abies) or of the birches are rather rare.

But observations have also shown that forests often
spring up again. The truth probably is that the forests
along their limit of vegetation, increase during a certain
number of yoars, following which another series of years
with excessive cold kills them off. Then after a new
series of years with mild winters they again begin to
grow up.

But higher up in the region of birches and even above
it we find in the swamps and bogs quantities of subfossil
pine probably dating from the ‘‘Atlantic and subhoreal
period”’ of Sernander during which the temperature was
80 high that hazel nuts matured in Lapland. From this
time also probably date the oaks buried in the sandy
shores of the Clara Lliver in Vermland which one often
finds there buried at a depth of 2 to 4 moters beneath
the surface of the soil in localities much farther north
than the present limit of the oak.

We will not here go into further details concerning
these intercsting questions to which a final answor has
not yet been founcll.

¢ According to an unverified tradition the Lell dated from 144 A. D,
2 For further details see Heim, ap. ¢l [
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CONCLUSION.

Our researches have led to the result that there exist
everywhere climatic variations of long and short duration,
but 1t 1s not possible to prove that the climate of Europe has
changed for either better or worse during historic times.

P.S.—“As I am closing these researches [last signa-
ture was printed Dec. 14, 1915] I am in receipt of the
interesting memoir by Prof. J. W. Gregory ‘‘Is the Earth
Drying Up ?""* which contains a criticism of the theories
put forward by Prince Kropatkin and Prof. Ellsworth
Huntington that our earth is steadily growing drier and
drier. Gregory's researches have led him to the same
rosult I havereached. “One fact,” he says, ‘does seem
to me to result clear(lIy from the evidence; there have
been many widespread climatic changes in late geologic
times, while in historic times there has been no world-
wide change of climate.”

VIOLENT EASTERLY WINDS AT TATOOSH ISLAND, WASH,
By Rarea C. Mizg, Observer.
[Dated: Weather Bureau, Tatoosh Island, Wash., Mar. 18, 1918.)

Wires and shrubbery on Tatoosh Island received a
heavy coating of ice during the prevalence of a strong
easterly breeze on the eax?ly morning of February 1,
between easterly storms. The rigging of the radio
station was covered with from } to % inch, varying with
elevation from ground level to 250 feet above, and the
aérial was torn away by the excessive weight of the ice.
Thawing extended, during the day, to a height of approxi-
mately 75 feet, but the coating on the upper 175 feet
was not appreciably diminished until it was cracked
by the swaying of the cables, and torn loose by the
unusual violence of the east-northeast storm of February
2. Flving fragments of ice made travel dangerous in
the vicinity of the radio station and the Weather Bureau
station throughout that day and night; and the fragments
broke all the easterly windows in the Weather Bureau
building. The barograph record shows false rises of
0.04 to 0.10inch from 4:50 p.m. (when the office window
broke) to about 7:30 p. m. when the window was boarded
up (see fig. 1).
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Fui. 1.-~Barogram for Feb. 1-3, 1916, at Tatoosh Island, Wash., showing false rises on
the 24 (4:50-7:30 p. m.), due to broken window.

%7 Gregory, J. W. In The Geographical Journal, London, 1914, 43; 293-318.
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The average wind velocity for Fehruarv 2 was 6%.4
miles, the 5-minute maximum was 88, and the extreme
“for 1 minute was at the rate of 111 miles per hour. In
maximum velocity alone, this storm is tied with the south-
etly storm of December 17, 1912, for second place and
exceaded only by the storm of December 25, 1908, A
thorough analysis would show this storm to be in an
entirely different class from the other storms mentioned
and show that much of the force of the easterly winds
isconfined to the immediate vicinity of the station. Asa

. matter of fact there is too much difference in the character-
istics of the easterly storms and those of the storms from
_south to northwest to allow of classifying the former ac-
cording to registered velocity alone. In this discussion

winds of more than 60 miles from east-northeast without
damage. On the other hand, one vessel, whileinbound off
Neah Bay, was partially dismasted in a southwest squall
of 56 miles. Tn the latter case the increase in force was
too sudden to permit sulficient shortening of sail. In
this connection it would appear that the verifying
velocity for this station should be greater for the north-
east rather than for the southeast wind, as at present.
Much of the foree of the easterly wind is apparenily
local and due to the configuration of the strait. The
shoreline on the south side for 5 miles castward extends
almost due east and west. A study of the maxima in
cast-northeast winds almost invariably shows more of the
northerly component in the direction about the times

TaBLE 1.—Hourly wind movements and murimum velocities at Tatoosh Island, VWash.
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the southeast wind is not considered as a storm wind, but
as the introduction of a south or southwest storm.

This storm in common with all east-northeast storms,
increased slowly in violence, maintained its full strength
for several hours and gradually diminished, showing
characteristics of the monsoon type of wind rather tian
those of the cyclonic type. The total movement hetwecen
11 a. m. and noon ofy % ebruary 1 was 22 iniles and the
subsequent hourly runs and maxima are given in T'abic 1.
The hourly maxima differed from the total hourly runs
by from 2 to 13 miles with an average diflerence of .

e average run from noon to 9 p.m. of Februsary 2 was
79, or 9 miles below the maximum; and between 2 and
5 p. m. the average was 81, or 7 below the maxiurutu.

I')l‘hisr, wind varied only about 10° in either dircctiion
from east-northeast, veering toward cast while under 65
miles and backing toward northeast with an increase in
velocity.

As an illustration of the different tvpes of storm winds
from the other directions, similar records of the storm
of December 17, 1912, are given at the hottom of Table i.
Here the differences range from 5 to 24 miles, with sn
average difference of 14 miles, or 3% times the differ-
ence shown in the casterly storm. This ratio is greater
than usual, but the variation is constantly exhibited in
the same direction. During this storm, with increased
rapidity of fall in pressure, the wind shifted from south-
east to south, and with a rise in pressure it shifted to
the southwest, then diminished in force and shifted to
west and northwest, following the ordinary cyvele of
changes in one of the two general types of storms setting
in from the southeust. )

Under the influence of an anticiyclone, the casteriy
winds may blow out of the Strait of Juan de Fuea with
high velocities for several days at a tine, wiih rimelended
skies and otherwise pleasant woeather., Musiers of
sailing vessels gladly take advontage of sued waather
conditions when outhound, and have completid the run
from Puget Sound to San Francisco in five days, or less
than half the time of an ordinary smart run. Many
vessels have passed out of the strait under full sail before

556120—16——3

of their occurrence, suggesting that the increase in
speed is induced by lateral compression. There is no
means of determining if these winds are stronger between
the station and the near-by cape, but the cape’s effect
in the strait can frequently be noted. During t]he time on
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F16. 2.—Barogram for Dec. 17, 1916, at Tatoosh Island, Wash., characteristic of storms
other than easterly at that station.

February 2 when the wind was averaging 80 miles ihe
wind’s effect on the water and on four passing steam
vessels was observed to he no greater, at distinces of
1 mile and raore from the siation, than that exeried
during registered velocities of from 65 to 70 miles an
hour from the same direction. Three of the vessels,
inbound, made fair time against the wind and apparenily
were retarded not more than 4 miles an hour.

An important. difference between the easterly winds
and westerly winds is their respective effeet on the waves.
The swell is normally propagated from west to east, or
on-shore. Any westerly wind tends to heighten the
waves. An easterly wind, on the contrary, beats the
sea down until a velocity of about 70 miles is attained
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after which the wind produces an off-shore wave of
comparatively slight intensity.

TEe. general character of the pressure changes in storms
other than easterly is shown by the accom};anying
barograph trace for December 17, 1912 (fig. 2). Further
study would be needed to determine the characteristic
trace, if any, accompanying the easterlies.

A thorough study of storms of this locality would
greatly increase the value of warnings by allowing them
to be issued earlier and enabling the correct direction and
force to be forecast more frequently. It is also probable
that types of pressurc changes as shown on the barograph
records could be classified and reported by one word in
such extent of detail as to be of great value to the fore-
caster at the district center.

. ..

WEATHER AS A BUSINESS RISK IN FARMING.'
By WitLtan GaroNER Reep and Howarv R. Torrey.

[ Authers® abstract, duted: Office of Farm Management, Washington, D. €., July 11, 1916,)

No type of agriculture can he successfully established
in a region where the risk of loss by the occurrence of
unfavorable weather conditions is not mere than balanced
by the profits at other times. It is necessary for the
farmer’s success as a business man to know the risk
involved in raising particular crops. Climatic data as
usually presented in averages and exiremes give a general
idea of the character of the region, but show nothing re-
garding the frequency of departures from the average
conditions. The study of the occurrence of dates of last
killing frost in Spring and first killing frost in Fall
shows that it is possible to determine with a fair degrec
of accuracy the chance of killing frost after a given date
in Spring or before a given date in Fall for places having
records of 20 years or more. This possibility depends
upon the demonstrable fact that the d]istribution of dates
of last (or first) frost is that of the so-called normal fre-
quency curve. A careful study of the frost records of 33
stations with a total of 823 observations shows the close
relation between the normal fre(}uency curve and the
frequency polygon of the dates of last killing frost (see
fig. 1). The properties of the normal frequency curve
have heen carefu}l)ly investigated by Karl Pearson and
others. From the results of this work it is possible to
compute the percentage of occurrence of cases falling
outside of any given date or to compute the date on which
the percentage of cases falls to a given value. The char-
acteristics of any phenomenon in which the distribution
follows that of the normal frequency curve may be ex-
pressed by a single number known as the “standard de-
viation.”  When the standard deviation of the dates of
last killing frost in Spring is known for any station the
frost risk may be computed for any date by Table 1.

TaBLE 1.—Risk of killing frost in spring.

occh:i?rL;noge. Number of days after the average date. La%?:gstge?k\eﬂ'is.
Per cent.
50 | Averagedate. . ... .. ool Apr. 28.
40 | 0.25Xstandard deviation.. .| Apr. 264-(0.25x14.4)=Apr. 30.

30 | n.52Xstandard deviation
25 | 0.67Xstandard deviation
20 { 0.84Xstandard Jeviation
10 | 1.28¢standard deviation.....

26-+(0.5214.4)= May 4.
. 26 (0.67X14.4)=May 6.
© 26-4(0.81X14.4)= May 9.
© 264 (1,28 14.4)= May 15.

The autumn date when the risk of killing {rost rises to a given per cent may be deter-
mined by subtracting from the average date the numbers obtained by the use of the
standard deviation of the date of first killing frost.

The distribution of frost conditions in the United States
is indicated by figures 2 and 3. Figure 2 shows the stand-

1 See Geographical Review, New York, July, 1916, 2: 48-53.
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ard deviations of the dates of last killing frost in Spring.
The isograms were drawn from the standard deviations
determined for 569 stations fairly well distributed over the
country. The lines are of necessity somewhat general,
Figure 3 is a similar map of the standard deviations of
first killing frost in autumn.

To compute the time available for plant growth in s
given {)l'oport-ion of the years the most satisfactory
method is that based on the risk at each end of the grow-
ing season. If the chance of safety on a given date in
Spring is one-half and that on a given date in Fall is one-
half, the chance of safety for the whole period between is
one-half multiplicd by one-half—that is, one-fourth. For
many important erops about a four-fifths chance of safety
is essential for continued suceess. A period in which the
probability of no killing frost is four-fifths and of which
the beginning is definitely known may be determined for
any station as follows: Given the standard deviation of
the date of last killing frost in spring, the date upon which
the chance of killing frost falls to 10 per cent may be deter-
mined from Table 1. The date on which the chance of
Fall killing frost rises above 10 per cent may be deterimined
from the standard deviation of the dates of first killing
frost in Fall and Table 1. Thevefore, for any place the
length of the available growing season (that is, number
of days for which the chance is four in five), beginning at
the date when the frost risk falls to 10 per cent, is the
number of days between this date and the date on which
the chance of fall frost rises to 10 per cent. Although this
method of determining business risk is subject to Timita-

N

F16. 1.—Freguency polygon and most probable normal frequency eurve of the date of
last ktl_llmg frost in Spring for the comhbined records of 33 stations, comprising 833 ob-
servations.

tions hecause of the shortness of the individual records, a
careful examination of the records shows that in the large
the computed dates on which the frost risk rises (or falls)
to 10 per cent, when compared with the actual number
of occurrences, is a very close agreement. From a total
of 27,157 observations the lack of agreement between the
computed and counted cases was but 17 in 10,000.

Statements of risks based upon the results of such a
study as this should not be regarded as seasonal fore-
casts. They simply represent, as far as may be deter-
mined from the data now available, the chances the
farmer must meet if his business is to be permanently
successful. The risks of loss which may profitably be car-
ried varies with the crop and the economic conditions.
For those crops in which the early production results in
higher prices, e. g., garden vegetables, a considerable risk
may be assumed with frequent losses and profit in the
long run. In the case of other crops, e. g., corn, early
production is of little or no advantage, and the risk which
can be assumed is much smaller.

The oceasional occurrence of unfavorable weather con-
ditions is a risk which must be recognized by successful
farmers. In the case of phenomena whose distribution
follows the “normal law of frequency’ this risk may be
determined with a fair degree of accuracy. The method
of determining the risk of frost occurrence has been de-
scribed in this paper; the distributions of other phe-
nomena seem to be more complicated, but further studies
along this line will doubtless result in determining a
method of computing the risks from their occurrence.



